Pharmaceuticals contaminated with highly sensitizing or highly potent pharmaceuticals may cause unexpected adverse reactions. A serious potential health risk to patients by administering pharmaceuticals contaminated with diethylstilbestrol was found in the 1960s. 1, 2) Since then, regulatory agencies have issued guidelines to control contamination of pharmaceuticals.
Cephamycin antibiotic, cefmetazol (CMZ) and cephem antibiotic, cefpodoxime proxetil (CPDXPR), are semi-synthetic b-lactam antibiotics. CMZ was developed as a 7-alphamethoxy cephalosporin used for intravenous injection. CPDXPR was developed as an esterified cephalosporin at the 4-carboxyl group and consists of a mixture of two diastereomers arising from the stereogenic center at the carboxyl ester moiety used for oral administration. They have a broad spectrum against gram negative and positive bacteria, and are widely used for infectious diseases. However, as typified by penicillins and cephalosporins, b-lactam antibiotics are well known to cause serious anaphylaxis in rare cases, [3] [4] [5] [6] thus pharmaceuticals contaminated with CMZ or CPDXPR may induce anaphylactic shock in some patients.
In order to prevent contamination of pharmaceuticals at a manufacturing facility, an adequate cleaning procedure for the manufacturing equipment and a validated analytical method for the monitoring of pharmaceutical residues are required. [7] [8] [9] As analytical methods for the determination of pharmaceutical residues at manufacturing facilities, the HPLC-UV method [10] [11] [12] [13] and total organic carbon (TOC) method 14) have generally been used. However, in spite of universal application of these methods for detection of pharmaceutical residues, their application to monitoring of trace amounts of residues or contaminants of highly potent or sensitizing pharmaceuticals is limited due to their lack of selectivity and sensitivity. Thus, a sensitive luminol chemiluminescence-flow injection analysis method and a high-performance liquid chromatography-tandem mass spectrometry (LC-MS/MS) method were developed for b-lactam antibiotics CMZ and CPDXPR and applied to verify their contamination to the manufacturing equipment and environment at a facility. 15, 16) However, the contamination of CMZ and CPDXPR to other pharmaceutical products had not been verified with actually manufactured pharmaceutical products, nor had a method for the determination of CMZ or CPDXPR contaminants in other pharmaceuticals been developed.
In the present study, therefore, a simultaneously sensitive and selective LC-MS/MS method for the determination of CMZ and CPDXPR contaminants in other non-b-lactam pharmaceutical products was investigated to verify their contamination. Since the drug product of the anti-hypertensive agent olmesartan medoxomil (OLM) is manufactured at same manufacturing site as CMZ and CPDXPR, OLM tablets were used in this study as non-b-lactam pharmaceutical products.
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Naoto FUKUTSU,* ,a Yuich SAKAMAKI, b Takao KAWASAKI, a Koichi SAITO, c and Hiroyuki NAKAZAWA pressure of 70 psi and the auxiliary gas at a flow rate of 40 arbitrary units. The heated capillary was maintained at a temperature of 200°C. Argon was used as the collision gas, and the magnetic field of the gas cell was adjusted to 2 mT for the MS/MS conditions. Preparation of Standard and Sample Solution for Actual Sample Twenty OLM 5 mg tablets, ten OLM 20 mg tablets and five OLM 40 mg tablets were each transferred into a 100-ml volumetric flask, respectively. To each tablet, 80 ml of a mixture of water and acetonitrile (11 : 9, v/v) was added, and the mixture was sonicated with occasional shaking until the tablets disintegrated completely. Then a mixture of water and acetonitrile (11 : 9, v/v) was added to volume. This solution was centrifuged at 3000 rpm for 5 min, and then the supernatant was filtrated through a polytetrafluoroethylene filter of 0.45 mm in pore size. The resultant solution was used as the sample solution.
Separately, CMZ and CPDXPR of 65 mg each were weighed accurately and transferred together into a 100-ml volumetric flask. Then, CMZ and CPDXPR were dissolved with a mixture of water and acetonitrile (11 : 9, v/v) to volume. The solution was further diluted with a mixture of water and acetonitrile (11 : 9, v/v) to a concentration of 0.65 ng/ml.
Preparation of Solutions for Validation Study
In order to verify specificity, non-contaminated OLM tablets were subjected to evaluation. The sample solutions of the tablets were prepared in accordance with the procedure for actual OLM tablets. For linearity, CMZ and CPDXPR of 65 mg each were dissolved and diluted to 100 ml with acetonitrile. The solution was diluted with a mixture of water and acetonitrile (11 : 9, v/v) to obtain various concentrations in the range of 0.325 to 3.25 ng/ml. These solutions were subjected to demonstrate linearity of the method. Accuracy and precision testing were demonstrated by determination of known amounts of CMZ and CPDXPR in OLM tablets. The solutions containing 3.25, 6.50 and 13.00 ng of CMZ and CPDXPR were added to non-contaminated 5, 20 and 40 mg OLM tablets, respectively. Then, sample solutions were prepared according to the procedure for actual OLM tablets.
Results and Discussion
Optimization of MS/MS Conditions A selected reaction monitoring (SRM) method was chosen and investigated to achieve the necessary selectivity and sensitivity of the analytical method. SRM conditions were determined based on the data of MS/MS spectra as shown in Fig. 2 . A protonated molecule at m/z 472 as a precursor ion and a fragment at m/z 356 as a monitor ion were selected for CMZ determination with collision energy of 11 eV. For CPDXPR, a protonated molecule at m/z 558 as a precursor ion and a fragment at m/z 410 as a monitor ion were selected with collision energy of 17 eV. Under these conditions, however, OLM interfered with detection of CPDXPR in the sample solution. This was because the ion masses of the precursor and monitor ions between OLM and CPDXPR differed by only one mass unit, and the resolution of the mass spectrometer was not sufficient to distinguish their ions. The m/z value of the OLM protonated molecule was 559, and a small fragment ion at m/z 411 was formed from the molecule ion as shown in Fig.  2 . Concurrent with this, as shown in the chromatogram monitored by UV in Fig. 3 , a large OLM peak was eluted just before the peak of CPDXPR, and thus the small fragment ion at m/z 411 in OLM had a significant influence on the detection of CPDXPR. From these reasons, the CPDXPR was not detected in the sample solution.
Then, instead of the fragment ion at m/z 410, another fragment ion at m/z 241, which was not observed in OLM, was Vol. 54, No. 10 selected as a monitor ion for CPDXPR with collision energy of 22 eV. In addition to that, a divert valve was connected between the analytical column and the MS, and the OLM peak was eliminated from the system. These changes enabled detection of trace amounts of CMZ and CPDXPR in OLM tablets. The chromatograms with different MS/MS conditions are shown in Fig. 4 .
Validation of Analytical Method According to Human Drug CGMP Notes (Vol. 7, No. 1) by the U.S. Food and Drug Administration (FDA), the FDA requires the detection of penicillin G contamination at a level of 0.03 ppm as the violative detection amount at least. Thus, validation study was conducted to evaluate the ability of the developed analytical method at around this level.
Non-contaminated OLM tablets were evaluated to verify the presence of any interference peaks from the OLM tablets for detection of CMZ or CPDXPR peaks. No interference peaks from OLM tablets were observed in the detection of the CMZ or CPDXPR peaks, therefore specificity of the method was achieved.
The detection limit was estimated from the signal-to-noise (S/N) ratio by analysis of diluted CMZ and CPDXPR solutions. According to the result, the observed detection limit (S/N 3) of those two compounds was 0.05 ng/ml (equivalent to about 0.002 ppm). Based on the assumption that the sensitivities of CMZ and CPDXPR are the same as that of penicillin G, this sensitivity of the method would meet the requirement stated in Human Drug CGMP Notes (Vol. 7, No. 1), that the sensitivity of the analytical method should be similar to that of 0.006 ppm for penicillin G. Therefore, sensitivity of this method was considered satisfactory for verifying the contamination of CMZ and CPDXPR to OLM tablets.
The linearity of the method was verified for the concentrations in the range of 0.325 to 3.25 ng/ml (corresponding to 0.015 to 0.15 ppm). The relationship between the peak area response and concentration was subjected to linear regression analysis. The corresponding linear regression equations obtained were yϭ1784.0xϪ56.3 with a correlation coefficient of 0.9991 for CMZ, and yϭ2568.5xϪ40.4 with a correlation coefficient of 0.9993 for CPDXPR. These results show good linear correlation between the peak area response and concentration for both compounds.
In order to demonstrate the accuracy of the method at around the violative detection amount, corresponding amounts of CMZ and CPDXPR were added to OLM tablets and their recoveries were determined. According to the results shown in Table 1 , acceptable recoveries of CMZ and CPDXPR were achieved.
The precision was evaluated by six replicate determinations of CMZ and CPDXPR in spiked sample. The standard deviation of the amounts of CMZ and CPDXPR determined are also shown in Table 1 and acceptable precision was obtained for the developed method.
Consequently, the method developed is sufficiently accurate and precise for verifying CMZ and CPDXPR contamina- Each data value is the result of six replicated determinations. a) Equivalent to violative detection amount of 0.03 ppm penicillin G in corresponding tablets. Determination of CMZ and CPDXPR Contaminants in OLM Tablets Determination of CMZ and CPDXPR contaminants in actually manufactured OLM tablets was performed with the developed method. As the chromatograms show in Fig. 5 , no detectable CMZ or CPDXPR was found in the OLM tablets. Therefore, it was confirmed that no contamination of CMZ or CPDXPR to OLM tablets occurred at the facility, and, furthermore, adequacy of the cleaning procedure for the manufacturing equipment and control of manufacturing environment were verified.
Conclusions
An LC-MS/MS method for the verification of CMZ and CPDXPR contamination in OLM tablets was established. According to the results of the validation of the method, the method was found to be selective, sensitive, accurate and precise. The limit of detection of 0.002 ppm obtained for both compounds in this method satisfies the regulatory requirement for the detection of b-lactam antibiotic contamination. Using this developed method, CMZ and CPDXPR contaminants in actually manufactured OLM tablets was investigated and no detectable CMZ or CPDXPR was found. The results indicate that no contamination occurred in the manufacturing facility, suggesting that this method would be useful for detecting contamination of non-b-lactam pharmaceuticals with CMZ and CPDXPR.
